We investigate whether the nuclear potential in the many-body system is the same with that in the two-body system or not. At first sight, it seems that the nuclear potentials are different in these two cases, because the momenta of mediating mesons are limited due to the Pauli principle in the case of many-body systems. It is concluded, however, that the energy of a nucleon gas can be calculated correctly by using the T.M.O. potential which is constructed under the assumption of the existence of only two nucleons, and that extra manybody forces must not be introduced into the system in addition to the above two-body potential. For simplicity, we consider an idealized nucleon gas which interacts with a symmetrical scalar meson field so weakly that the perturbation-theoretic treatment is justified. § 1. Introduction Various theories have been proposed up to the present about the meson-theoretical construction of the nuclear potential between two nucleons.
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For example, Brueckner and Watson 1 ) constructed it by calculating the Feynman diagrams shown in Fig. 1 . It is, however, very doubtful to apply such a potential which is derived in the presence of only two nucleons to the study of many-body systems, because the momenta of mediating mesons are limited due to the Pauli principle. (The virtual nucleons represented by bold lines in Fig. 1 , for example, must be in unoccupied states, consequently the momenta of the mesons in those figures cannot be arbitrary.) It is the purpose of this paper to resolve this doubt.
In § 2, we calculate the energy of a nucleon gas without introducing any nuclear potential, that is, by considering the meson field explicitly. For simplicity, we here consider the nucleon gas which interacts so weakly with a symmetrical scalar meson field that the perturbation-theoretic treatment is meaningful. (Such a system, of course, collapses. But it is not the purpose of this paper to discuss the saturation of the nucleon gas. We assume that the density of the nucleon gas is kept at an appropriate value by the origin other than the particular properties of the interaction, for example, by confining the entire system in a completely adiabatic box.)
In § 3, we calculate the formal expression of the energy of the 
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nucleon gas without using any meson field explicitly, that is, by introducing a nuclear potential. Comparing this expression with the energy in the previous section, we decide the nuclear potential which gives the energy of a nucleon gas correctly. As the results, it is shown that the T.M.O. potential which is derived from the two-body problem gives correctly the energy of a nucleon gas, if we use the renormalized value for the coupling constant, and that the introduction of extra many-body forces is prohibited within the present approximation. § 2. Energies of a nucleon gas The Hamiltonian of our system is
where al~( t and a p , t are the usual creation and annihilation operators for nucleons and b;, i and b q , i are those for symmetrical scalar mesons, p and q are wave vectors, t stands for the isotopic spin state of a nucleon, i for the charge state of a meson,
T is an isotopic spin operator, E p =p2/2M, Wq=V?+p.2, M and f1 are, respectively, the mass of a nucleon and a meson and go is the unrenormalized coupling constant. We take 1l=c=1. We confine the entire system in a cube with a volume Q and require a periodicity condition on the surface. For simplicity, we do not consider Pauli spins but isotopic spins only. So, two nucleons can occupy an energy level.
Regarding Ho as the unperturbed Hamiltonian and HI as a perturbation, we calculate the ground-state energy of the nucleon gas. In order to avoid the difficulty of divergences, we concern ourselves only with the difference between the energy at the density in question and that at the low density limit. It is this difference to be observed as the binding energy. There are two processes in the second-order as shown in Fig. 2 . The value of (a), however, is zero because of T-spin. The value of (b) is (4) where we have already subtracted a constant which is independent of the nucleon density and neglected the terms of O(p..2/M 2 ). In Eq. (4), PF is the momentum of a nucleon at the Fermi surface.
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As an example of calculations, we first consider diagrams (a) and (a / ). Expanding them with respect to pi M, we have
Eq. (6) corresponds to the repetItIOn of the second-order adiabatic potential [c.f.
Eq. (15) J and Eq. (7) is a nonadiabatic effect.
As another example, we next consider the fourth-order self-energy (diagram (c». This is Pi.
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This energy contains a constant part which does not vanish at the low density limit. After subtracting this constant, we have
We do not write out the values of the other diagrams, because we can calculate them very easily. In all of them, the meson momenta are limited as in Eqs. (6), (7) and (9), but the sum of all fourth-order diagrams is The first term in the curly bracket in Eq. (10) is divergent, but this term is proportional to E (2) . Performing the charge renormalization, that is, substituting the renormalized value g for go, we may drop this term. § 3. Nuclear Potential The above system IS described alternatively with the Hamiltonian 2 H=K+U, K=~-f~'
where U is a nuclear potential with the force range""' It-
.
Regarding U as a perturbation, we calculate the ground-state energy of the system.
If U is expressed in terms of a coupling strength g2/4n and of a ratio 1-' -/ M as follows,
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.
the energy of the system is
where (A) stands for the expectation value of A in the ground state of Ho and
which is an operator of the order of unity owing to the factor pj M.
By comparing Eq. (13) with the energy calculated in the previous section, we can decide the nuclear potential uniquely. In the first place, by comparing the g2j 4n-term in Eq. (13) 
where Ko is a modified imaginary Bessel function.
Thus, the two-body potential which gives the energy of the nucleon gas correctly to the fourth-order is 
Thus, the two-body potential which gives the energy of the nucleon gas correctly to the fourth-order is We here have analized perturbation-theoretically the energy of a nucleon gas which interacts with a symmetrical scalar meson field and have obtained the conclusion that the energy can be calculated correctly with the T.M.O. two-body potential.
In many-body systems, the momenta of mediating mesons are limited on account of Pauli principle. So the interaction in its proper sense is modifed. But, the mass and the mesonic charge of a nucleon are changed at the same time. Moreover, many-body forces arise [(g) in Fig. 3 ]. These shifts are canceled by each other as a whole. The net energy can be calculated with the T.M.O. twobody potential.
Thus, in many-body problems, we must be careful to introduce any extra manybody forces, if we use the ordinary two-body potential. At least, it is a mistake to introduce the three-body force of the !/-order into the present simple system.
